In the recent years, use of Digital Image Communication has increased exponentially in the day to day activities. Joint Photographic Experts Group (JPEG) is the most widely used still image compression standard for bandwidth conservation. In this paper, it is proposed and critically studied a new set of JPEG Compression algorithms by combining Mean filtering, Median filtering, and Outlier detection algorithms and conventional JPEG DCT algorithm in a staged manner. This outlier based JPEG algorithm is giving exceptionally compression compared to conventional JPEG algorithm. Experiments are carried out with many standard still images. Algorithms developed in this paper, identified to be giving almost same Peak Signal-to-Noise Ratio (PSNR) as that of standard JPEG algorithm.
INTRODUCTION
In the recent years, data intensive multimedia-based web applications have increased by many folds. Many remote applications such as remote monitoring, surveillance, automatic navigation systems often involves communication of captured images or videos for further processing. In these applications, it is inevitable to conserve the available bandwidth in order to reduce consumer side bills. In order to reduce the bills (or bandwidth consumption), communicating compressed images is a classical solution in communications and allied fields. In the literature, various algorithms were proposed for the image compression, and even many of them are available in embedded HW also. JPEG compression is the standard for image compression for still images. Its variants are under the name hood of MPEG (Motion Picture Experts Group) is widely followed standard for video encoding.
Image based recognition systems that are used in production industries such as IC manufacturing, fruit processing systems, automatic welding, etc., will be using original image. However, there are some recent applications such as remote monitoring, surveillance, remote surgery, etc., may involve communication of captured images to a server for processing, recognition and control. For example, [7] used compressed face images in JPEG format for the development of their face recognition system that extracts edge based features from the JPEG images and uses with a neural network. Certainly, performance of recognition system based on original images will be giving better results than compressed images as compressed images loses some details which are otherwise useful for recognition. It is reported elsewhere [12] JPEG compression induces some artifacts such as noise around edges, blurring, a smeared appearance, color distortion, and/or checkerboard-like blocking in busy regions. However, it consumes very little bandwidth. Thus, scientific community may be interested in studying about recognition system performance when it is designed to use compressed images rather than original images. Authors [13] reports that JPEG images cannot be used for character recognition as JPEG distorts the sharp edges.
Herewith the authors propose a new set of image compression algorithms which uses Mean filtering, Median filtering, and Outlier detection concepts with conventional DCT algorithm in a staged manner that shows better edge images compared to conventional JPEG images. The average peak signal to noise ratio (PSNR) [1] of our algorithms is compared with original JPEG method.
The paper is organized as follows. In section 2, a brief overview of the JPEG standard is provided. The proposed Mean, Median & Outlier based JPEG compression system is described in section 3. Experimental results are presented in section 4. Finally, conclusions are reported in section 5.
BRIEF OVERVIEW OF JPEG ENCODING / DECODING SYSTEM
JPEG is a well known standardized image compression technique. JPEG loses information so the decompressed picture is not the same as the original one. The main reason for use of JPEG is to reduce the size of image files. Reducing image files is an important procedure for transmitting files across networks or archiving libraries. Usually JPEG can remove the less important data before the compression; hence JPEG is able to compress images meaningfully, which produces a huge difference in the transmission time and the disk space. Fig 1 shows the basic Architecture of JPEG compression system. Here is a brief overview of the JPEG compression system. [2] The image is first subdivided into pixel blocks of size 8X8, which are processed left to right and top to bottom. As each 8X8 block or sub image is encountered, its 64 pixels are level shifted by subtracting the quantity L/2, where L is the Gray level resolution of the image. The 2-D Forward Discrete Cosine Transform (FDCT) (Eq 1) [5] of the block is then computed, quantized using 64 corresponding step size values from the quantization table in Fig.2 [3] . After quantization the DCT coefficients are rearranged in a zigzag sequence order as shown in the Fig.3 . [3] Since the one-dimensional reordered array generated under the zigzag pattern of Fig.3 is qualitatively arranged according to increasing spatial frequency, the JPEG coding procedure is designed to take the advantage of the long runs of zeros that normally result from the reordering. In particular, the nonzero AC coefficients (the term AC denotes all transform coefficients with the exception of the zero th or DC coefficient) are coded using a variable-length code that defines the coefficient's value and number of preceding zeros. The DC coefficient is difference coded relative to the DC coefficient of the previous sub image. The decompression process performs an inverse procedure. It decodes the Huffman codes. Then, it makes the inversion of the Quantization step. In this stage, the decoder raises the small numbers by multiplying them by the quantization coefficients. The results are not accurate, but they are close to the original numbers of the DCT coefficients. An Inverse Discrete Cosine Transform (IDCT) (Eq.4) [6] is performed on the data received from the previous step. Finally add L/2 to each sub image. Place the sub images in their correct positions.

The error between the original image and reconstructed image is calculated in terms of Peak signal to noise ratio (PSNR) = 10 log 10 (L 2 /MSE) (5)   
NEW MEAN, MEDIAN & OUTLIER BASED JPEG ALGORITHMS
Mean filtering [8] is a simple, intuitive and easy to implement method of image smoothing i.e. reducing the amount of variation between one pixel and the next or surrounding pixels. It is often used to reduce noise in image. The idea of mean filtering is simply to replace each pixel in an image with the mean value of its neighbors including itself. This has the effect of eliminating pixel values which are unrepresentative of their surroundings. Usually, 3x3 neighborhoods of pixels are considered while calculating mean filtered value of any pixel.
Median filter [9] is normally used to reduce noise in an image like the mean filter. However, it often does a better job than the mean filter in preserving useful detail in the image. Like the mean filter, the median filter considers each pixel in the image in turn and looks at its neighbors to decide whether or not its representative of its surroundings. Instead of simply replacing the pixel value with the mean of neighboring pixel values, it replaces it with the median of those values.
An outlier [11] is an observation that is numerically distant from the rest of the data. In an image, a pixel value is very different from its surrounding pixels, it can be called as outlier. Certainly, replacing its value with mean filtered or median filtered or DCT based with induce noise into our image. Thus, the authors propose to retain its value as it is such that noise will become less and more over subsequent edge detection results will be attractive for image recognition systems.
From basic statistics, authors know that populations sample values with some confidence level can be given as mean ± C*σ, where C is weighing factor (critical value) and σ is standard deviation of the population. 
Outlier MeanDCT Algorithm
1. Apply mean filtering with a little variation to the given original image using 3x3 window. For each pixel, calculate average and standard deviation of its neighboring 3x3 pixels. If a pixels value is observed to be outlier (not in the range of Mean ± C*σ) then its filtered value is taken as itself else mean is taken as its filtered value. 2. Apply DCT on the mean filtered image. 1 Apply median filtering with a little variation to the given original image using 3x3 window. For each pixel, calculate average and standard deviation of its neighboring 3x3 pixels. If a pixels value is observed to be outlier (not in the range of Mean ± C*σ) then its filtered value is taken as itself else median is taken as its filtered value. 2 Apply DCT on the median filtered image.
Outlier MedianDCT Algorithm

EXPERIMENTAL WORK
In this study, the authors have used a number of images in tiff format from USC-SIPI image database "http://sipi.usc.edu/database" [4] . Figure 4 shows As the C value increases, Compression Benefit increases and PSNR decreases. The variation in PSNR is very small as the C value increases. The PSNR values are very nearer to the PSNR values obtained by conventional JPEG coding. Figure 5 shows As the C value increases, Compression Benefit increases and PSNR decreases. The variation in PSNR is very small as the C value increases. The PSNR values are very nearer to the PSNR values obtained by conventional JPEG coding.
In a nutshell, the experiments indicated the following, In the recent years, value added multi-media services are gaining importance. Here, the consumer will be billed in accordance with the quality of service he has enjoyed. All of the algorithms are best suitable at this junction as they have freedom to control the quality with decreasing C.
CONCLUSIONS
In this paper, new MeanDCT, MedianDCT, OutlierMeanDCT & OutlierMedianDCT based JPEG compression algorithms are proposed. The authors have compared these MeanDCT, MedianDCT, OutlierMeanDCT & OutlierMedianDCT based JPEG compression algorithms with Conventional JPEG compression. From these experiments it is evident that these approaches gives better compression ratios compared to conventional JPEG. The PSNR resulting from the approach is slightly less than Conventional approach. The PSNR resulting from OutlierMedianDCT with lowest critical factor is almost same as conventional approach. Highest Compression Benefit is achieved from OutlierMeanDCT with highest critical factor. However, all the decoded images resulting from this approach and original images are almost the same in human perception point of view. 
